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Abstract : The study was conducted at the Merambong seagrass meadow in 
Johor, Malaysia (between 01º20.046 N 103 º 35.985 E and 01 º 19.781 N 
103 º 05.675 E) to investigate the effect of tropical monsoon on the 
environmental quality variation in the seagrass ecosystem. Environmental 
data were collected during different monsoon seasons (Northeast, pre-
Southwest, Southwest and post-Southwest monsoon) between 2005 to 2006 
at four different stations.  Three of the stations were located in the sea-grass 
bed (Stations 1 -3), whilst Station 4 was located about 1 m away from the 
sea-grass meadow.   Northeast monsoon was characterized by the highest 
rainfall whereas, SW monsoon with the lowest rainfall during the period.  
Salinity, temperature, dissolved oxygen and conductivity values were found 
lowest during the NE monsoon, while highest during the SW monsoon. In 
contrast, turbidity was found highest during NE monsoon. On the other 
hand, significant (p<0.05) negative correlations were found between rainfall 
and several environmental parameters including temperature, salinity, 
dissolved oxygen, pH and conductivity. Whereas, a significant (p<0.05) 
positive correlation between rainfall and turbidity, total carbon and total 
organic carbon concentrations was detected. No significant differences in 
the TN and TP were found at different monsoon seasons. Similarly, no 
significant correlation between rainfall and TN and TP was found. The 
result of this study suggests that significant impact of different monsoon 
seasons brought about specifically by rainfall on the variability of 
environmental quality in the seagrass ecosystem.  In addition, positive 
correlation between rainfall and carbon (TC/TOC) may suggest transport of 
organic matter (both particulate and dissolved organic matter, POM and 
DOM) from terrestrial sources.  
 
 
Keywords:  environmental parameters, rainfall, seagrass ecosystem, monsoon, Malacca 
Straits.
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INTRODUCTION 
 
The coastal areas of the Straits of Malacca, support major fisheries and 
tourism development and can be considered the lifeline of hundreds of 
thousands of fishermen and coastal inhabitants in the region (Matias et al., 
2001).  In addition, the coastal resources from the Straits play a major role 
as a source of food and raw materials for domestic markets and also form 
the basis for an extensive export trade (Burbridge, 1988). During the last 
five decades, significant increase in population growth and economic 
development has occurred along the coastal areas of the Straits (Matias et 
al., 2001). However, as a consequence of economic growth, mangrove forest 
has to be cleared and peat swamps, mudflats, seagrass beds, and coral reef 
habitats were destroyed during various reclamations projects for the 
development of  ports, industrial estates, housing and tourist resorts, and 
urbanization of the coastal areas (Chong et al., 1998). 
        The effects of such large scale changes in the coastal vegetation have 
direct bearing upon the coastal environments, specifically to biological 
communities inhabiting any coastal environments. In addition, various 
activities in the Straits have also exposed the coastal and marine resources to 
environmental risks such as pollution and degradation of critical ecosystems 
(Chua et al., 2000).  The distribution of nutrients and other dissolved gases 
in these waters are controlled by estuarine circulation, mixing and other 
physical processes together with biological, sedimentological and chemical 
effects (Aston 1980). Likewise, distributions of nutrients and other water 
quality parameters may strongly depend on local oceanographic, 
geomorphological and climatic conditions, which are highly significant to 
this specific ecosystem. This study was conducted to assess the 
environmental condition of the coastal ecosystems along the Straits of 
Malacca through determination of the temporal variations of environmental 
parameters.      
 
MATERIALS AND METHODS 
 
Sampling location 
 
The seagrass meadow popularly known as Merambong shoal was 
approximately 40-ha oval shaped meadow which stretched for almost 2 km 
long at the largest patch, located between the Causeway second link and the 
Pulau Merambong, Southwest of Johor (Figure 1). The seagrass bed 
occurred on sandy and muddy banks of Sungai Pulai mangrove estuary on 
shallow water with an average depth of 2-3 m and a maximum depth of 5 m. 
Four sampling stations were established in Merambong seagrass meadow in 
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Johor, Malaysia (St. 1 - 1°20'13.20"N 103°36'6.24"E; St.2 - 1°19'41.34"N 
103°35'42.55"E; St. 3 - 1°19'36.78"N 103°35'2.17"E; St. 4 - 1°19'0.51"N 
103°35'5.36"E). Three of which were located in the sea-grass bed (Stations 
1 -3), whilst one station (Station 4) was located about 1 km away from the 
sea-grass meadow (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample collection 
 
The water samples were collected bimonthly from November 2005 until 
September 2006 (Table 1) using vertical water sampler (Ibekwe et al., 2006) 
at four different stations.   Water samples were stored in acid washed plastic 
bottles and kept in refrigerated box for transport. In situ water quality 
parameters (temperature, pH, salinity, dissolve oxygen and total dissolve 
solids) were measured using a Hydro Lab (Model: Surveyor 4A, Hydrolab 
Corporation, USA). For these parameters three readings were taken from the 
surface water, middle of the water column and just above the bottom. In 
addition, rainfall data were collected from Malaysian Meteorological 
Stations (Malaysian Meteorological Department, 2006) 
 
 
 
 
Figure 1. The map of sampling location, Merambong seagrass 
bed , Johor, Malaysia 
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Nutrient analyses 
 
Total Nitrogen 
 
Total nitrogen analysis was carried out according to Kitamura et al. 
(1982). Standard stock solution was prepared by weighing 7.2179 g of 
anhydrous grade potassium nitrate (KNO3 at 110°C for 1 hour and put in 
desiccators to cool before weighing) and dissolving in 1000 ml Milli-Q 
water. From the stock solution (1000 mg/L of NO3-N) a series of standard 
solutions (0-1 mg/L) were prepared by mixing with Milli-Q water. Samples 
and standards were measured at wavelength of 540 nm after 20 minutes 
using Shimadzu spectrophotometer model UV-1601. 
 
Table 1. Different monsoons occurring throughout the year and the 
sampling months  
 
 
Monsoon season Months Sampling months 
Northeast November to 
February 
November ‘05 and  January ‘06 
Pre-Southwest March to April March ‘06 
Southwest May to August May ‘06 
  July ’05 and July ‘06 
Post Southwest September to 
October  
September ‘05 
Total Phosphorous (TP)  
 
Total phosphorus (TP) was determined following the modified method of 
Jeffries et al. (1979) and Parsons et al. (1984). The standard stock solution 
was prepared by weighing 4.3937 g of anhydrous grade potassium 
dihydrogen phosphate, KH2PO4 (dried at 110°C for 1 hour, put in 
desiccators to cool before weighing) and dissolving in 1000 ml Milli-Q 
water. From the stock solution (1000 mg/L of PO4-P) a series of standard 
solutions (0 -1 mg/L) were prepared by mixing with Milli-Q water. Samples 
and standards were measured at wavelength of 878 nm after 10 minutes at 
using Shimadzu spectrophotometer model UV-1601. 
 
Total organic carbon (TOC), inorganic carbon (IC) and total  
carbon (TC) 
 
Total carbon (TC) and inorganic carbon (IC) were analyzed following the 
combustion-infrared methods using total organic carbon analyzer (Shimadzu 
TOC Autosampler Model ASI-5000A). Total organic carbon measurements 
were obtained by the difference of TC and IC which was automatically 
generated by the TOC analyzer. Samples for IC were filtered through the 
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0.45 m membrane filter using low-pressure pump prior to analysis. 
Samples for TC were not filtered. Five milliliter of samples and standards 
were placed in the sample vessels. Samples were run automatically in total 
organic carbon analyzer (Shimadzu TOC autosampler Model ASI-5000A). 
 
Data analyses 
 
Univariate and multivariate analysis of variance (ANOVA and MANOVA) 
tests were performed on the physicochemical factors to determine if and 
where temporal differences existed over the sampling period (monsoon 
seasons) of one year. For these analyses, the monsoon season was the fixed 
factors with four levels, NE, SW, pre-SW and post-SW. Pearson’s 
correlation analysis was conducted on the environmental parameters and 
determined if any significant relationships existed between each of them.  
Among the data considered in the analysis include total-nitrogen (TN), total-
phosphorus (TP), total organic carbon (TOC), inorganic carbon (IC) total 
carbon (TC), rainfall, temperature, salinity, D.O. pH, conductivity, turbidity 
and total dissolved solids.  
 
RESULTS 
 
Maximum peak of cumulative monthly rainfall were recorded during the 
northeast monsoon at an average of 257.81 ± 17.10 cm, whereas, the lowest 
cumulative rainfall was recorded at an average of 160.94 ± 8.04 cm during 
the southwest monsoon (Figure 2). The rainfall received (262.50 ± 12.50 
cm) in this ecosystem during the post-southwest monsoon was significantly 
higher (p<0.05) than that of the SW and pre-SW monsoon. Generally, water 
temperature, salinity, DO, pH and conductivity had a similar variation 
pattern throughout the sampling period. The lowest salinity (26.8 ppt), 
temperatures (28.4C), DO (5.2 mg/L), pH (7.3) and conductivity (39.7 mS) 
were observed during the NE monsoon where highest rainfall event 
occurred (Figures 2-4). On the contrary, highest turbidity (23.6 NTU) was 
observed during the NE monsoon whereas the lowest TDS (22.2 mg/L) 
occurred during the Pre-SW monsoon (Figure 5). Similarly TN and TP were 
found highest during the NE monsoon and lowest during the intermonsoon 
(pre-SW and post-SW) seasons (Figure 6). 
        Rainfall showed a significant (p<0.05) negative correlation with 
temperature, dissolved oxygen, pH, salinity and conductivity (Table 2). 
Whereas, positive correlations (p<0.05) between rainfall and TDS, turbidity, 
TC and TOC were observed (Table 2). However, no significant correlations 
were observed between rainfall and neither TN nor TP (Table 2).
64 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
Figure 2. Rainfall (A), temperature (B) and salinity (C) variability at different monsoon seasons in the seagrass 
ecosystem 
A 
B 
C 
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Figure 3. Dissolved oxygen (A), pH (B) and conductivity (C) variability at different 
monsoon seasons in the seagrass ecosystem 
A 
B 
C 
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Figure 4. Turbidity (A) and total dissolved solids (B) variability at different monsoon 
seasons in the seagrass ecosystem 
A 
B 
67 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A 
B 
Figure 5. Total carbon (A) and total organic carbon (B) variability at different monsoon 
seasons in the seagrass ecosystem 
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Figure 6. Total nitrogen (A) and total phosphorus (B) variability at different 
monsoon seasons in the seagrass ecosystem 
 
B 
A 
69 
 
 
 Table 2. Pearson correlations of different environmental parameters indicating the significance level. Note: ** = 
  Correlation is  significant at the 0.01 level ; * = Correlation is significant at the 0.05 level 
 
 
Rainfall 
 
Pearson Correlation 
 
1 
 
.382** 
 
.378** 
 
-.031 
 
-.065 
 
-.750** 
 
-.750** 
 
-.821** 
 
-.652** 
 
-.657** 
 
.319** 
 
.058 
Sig. (1-tailed)  .000 .001 .398 .295 .000 .000 .000 .000 .000 .003 .313 
TOC Pearson Correlation .382** 1 .997** -.164 -.117 -.176 -.392** -.491** -.063 -.375** .352** .162 
Sig. (1-tailed) .000  .000 .085 .163 .069 .000 .000 .301 .001 .001 .087 
TC Pearson Correlation .378** .997** 1 -.166 -.120 -.170 -.394** -.491** -.056 -.381** .361** .153 
Sig. (1-tailed) .001 .000  .082 .158 .077 .000 .000 .322 .000 .001 .100 
TP Pearson Correlation -.031 -.164 -.166 1 .544** .087 .186 .205* -.260* .202* .102 -.045 
Sig. (1-tailed) .398 .085 .082  .000 .233 .059 .042 .014 .044 .197 .353 
TN Pearson Correlation -.065 -.117 -.120 .544** 1 .071 .222* .203* -.220* .125 .234* -.238* 
Sig. (1-tailed) .295 .163 .158 .000  .277 .030 .044 .032 .148 .024 .022 
Temp Pearson Correlation -.750** -.176 -.170 .087 .071 1 .720** .792** .662** .688** -.052 -.173 
Sig. (1-tailed) .000 .069 .077 .233 .277  .000 .000 .000 .000 .332 .073 
DO Pearson Correlation -.750** -.392** -.394** .186 .222* .720** 1 .894** .422** .826** -.345** -.041 
Sig. (1-tailed) .000 .000 .000 .059 .030 .000  .000 .000 .000 .002 .366 
Sal Pearson Correlation -.821** -.491** -.491** .205* .203* .792** .894** 1 .539** .874** -.337** -.044 
Sig. (1-tailed) .000 .000 .000 .042 .044 .000 .000  .000 .000 .002 .357 
pH Pearson Correlation -.652** -.063 -.056 -.260* -.220* .662** .422** .539** 1 .326** -.235* -.215* 
Sig. (1-tailed) .000 .301 .322 .014 .032 .000 .000 .000  .003 .023 .035 
 Rainfall TOC TC TP TN Temp DO Sal pH Cond Turb TDS 
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…Table 2. Continued 
           
  Rainfall TOC TC TP TN Temp DO Sal pH Cond Turb TDS 
Cond Pearson Correlation 
-.657
**
 
-
.375
**
 
-
.381
**
 
.202
*
 .125 .688
**
 .826
**
 .874
**
 .326
**
 1 -.262
*
 .072 
Sig. (1-tailed) .000 .001 .000 .044 .148 .000 .000 .000 .003  .013 .274 
Turb Pearson Correlation 
.319
**
 .352
**
 .361
**
 .102 .234
*
 -.052 
-
.345
**
 
-
.337
**
 
-.235
*
 -.262
*
 1 
-
.353
**
 
Sig. (1-tailed) .003 .001 .001 .197 .024 .332 .002 .002 .023 .013  .001 
TDS Pearson Correlation 
.058 .162 .153 -.045 -.238
*
 -.173 -.041 -.044 -.215
*
 .072 
-
.353
**
 
1 
Sig. (1-tailed)  .313 .087 .100 .353 .022 .073 .366 .357 .035 .274 .001  
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DISCUSSION 
 
The measurement of hydrochemical variables in the marine environment 
leads to better understanding of aquatic environment (Wu et al., 2009). 
Rainfall can be a significant source of variation in surface-water quality. In 
this study, rainfall changes significantly according to monsoon seasons, 
wherein the highest rainfall was recorded during the NE monsoon and the 
lowest rainfall occurred during the SW monsoon season. Overall, rainfall 
events affect several in-situ parameters such as temperature, salinity, 
dissolved oxygen (DO) and conductivity. Variations in the temperature, 
salinity and conductivity coincided with the seasonal rainfall occurring 
throughout the years which were evident with the significant correlation 
between each of these parameters to rainfall (Table 2). Among parameters 
measured, the temperature, salinity, dissolved oxygen and conductivity can 
be clearly explained and correlated (negatively) significantly with the 
seasonal rainfall.  
       The temperature is a significant indicator of temporal variation in water 
quality (Wu and Wang, 2007). The major seasonal cause of water 
temperature change is due to the change in solar insulation in addition to 
currents and local hydrodynamics. In addition, temperature in surface waters 
varies during the day and tends to be highest in the late afternoon as the sun 
sets. Previous study done by Rezai (2002) revealed a mostly homogenous 
temperature and without any significant differences throughout the year in 
the coastal waters off the Malacca Straits. In the present study, although the 
range of temperature change was very small (29.18 ± 0.01C during wet 
season to 30.89 ± 0.06 C during dry seasons), the difference in the 
temperature between the seasons were significant, the highest temperature 
being experienced during the SW and post SW monsoon. 
        According to Webster et al. (2009) the salinity distribution within 
coastal water bodies reflects the relative influx of fresh water supplied by 
rivers, and marine water supplied by exchange with the ocean. Salinity 
levels fluctuate with the penetration of tidal flows, and with mixing of fresh 
water and marine water by wind and currents. In this study, different 
ecosystems received different levels of discharges coming from the river 
depending on the distance and locations. In the cage mariculture area, 
highest salinity level was observed compared with the other ecosystem 
studied. Perhaps this is due to the fact that the cage area was farthest to 
freshwater source (since they are maintaining the salinity for the cultured 
fish species) unlike the other ecosystems. A similar finding was reported by 
Gilbes et al. (1993) wherein they found that salinity was regulated by 
seasonal rains and river discharges depending on the location of the stations.  
This may also explain the different distinct pattern of salinity changes in 
different areas studied. Similarly, conductivity variations in this study did 
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not show any distinct pattern, that is the level changes differently in each 
location similar to that of the salinity variations. Since, the measure of 
conductivity is an acceptable method for determining salinity (Webster et 
al., 2009); variation in conductivity can be explained in the same way as in 
salinity.  
        Dissolved oxygen consumption and production are influenced by plant 
and algal biomass, light intensity and water temperature (because they 
influence photosynthesis), and are subject to diurnal and seasonal variations 
(Connell and Miller, 1988). Total organic carbon content measures both 
living (phytoplankton, zooplankton, bacteria) and non-living (detritus) 
components of the water column (Happ et al., 1977). In addition, total 
organic carbon (TOC) of natural origin (which is comprised of dissolved 
organic carbon (DOC) and particulate organic carbon (POC) is not only an 
important constituent associated with surface water quality, but also an 
indicator of organic contamination (Ni et al., 2008). Many researchers (e.g. 
Arzayus et al., 2001; Accardi-Dey and Gschwend, 2002; Hinga, 2003; Chen 
et al., 2005, 2006) have previously reported a positive correlations between 
the concentrations of certain organic pollutants and TOC. In addition, there 
have been many studies on the carbon content of the ocean (e.g. Williams 
and Druffel, 1987; Druffel et al., 1992; Bauer et al., 1992; Carlson and 
Ducklow, 1995; Hansell et al., 1995), but little is known about estuarine 
areas and coastal waters in particular. Primary production alone does not 
appear to account for the amount of organic carbon contained in open 
coastal waters, therefore suggesting that enrichment may have come from 
riverine, estuarine, or terrestrial sources (Ludwig et al., 1996) 
 
CONCLUSION 
 
This study illustrated that the environmental characteristics of the coastal 
waters were closely related to the rainfall, indicating that the transfer of 
materials from the terrestrial past of the coast plays a major role in dictating 
the water quality of the Straits of Malacca.  Thus, different activities in the 
coastal areas such as mangrove removal, aquaculture farm operation, 
urbanization and other socio-economic activities that do not practice 
environmental friendly approach would certainly contribute to the water 
quality deterioration of the coastal waters. 
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